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consumed after equilibrium. The total volume of
solution was 50 ml and the amount of exchanger
used was 0.5 g. The Kd values are obtained in the
following order:
In DMvV : ThH > Ba2+ > Yt3+ > Hg2+ > Dy2+ >
ln3+ > Th3+ > Pb2+ > Pr3+ > Sm3+ > ZnH >
Mn-+ > Ce3+ > Sna+ > Mg3+ > La2+ > Cdz+ >
Cu2+ > H03+ > Gd2+ > ca=.
In O.OIM HN03 : Pb2+ > Ba2+ > Cuz+ > Zn2+ >
Cd2+ > Mn2+ > SnH > MgH > Th4+ > Ca2+ >
La3+ > H03+ > Pr3+ > Tb3+ > Hg2+ > In2+ >
Gd3+ > Sm3+ > Ce3+ > Yt3+ > Dy3':'.
InO.05M HNOa: Hg2+ > BaZ+ > Pr2+ > Th<l+>
Mn2+ > H03+ > Tb2+ > Sm3+> Pb2+ > Sn2+ >
ZnH> Dy3+ > Cu2+ > Cd2+ > Ce3+ > In3+ >
Mg2+ > Yt3+ > Ca2+ > a3+ > Gd3+.
In O.IM HN03 : Th4+ > La3+ > Ce2+ > Gd3+ >
Tb3+> Sm3+ > Hg2+ > In3+ > H08+ > Yt3+ >
Pr3+ > Mg2+ > Baz+ > Mn2+ > Ca2+ > Cd2+ >
Zn2+ > Sn2+ > Dy3+ Pb2+ > Cu2+.
In 1% NH4N03 : Th4+ > Ce3+ > Yt3+ > Gd3+>
Dy3+ > BaS+ > Prll > Zn2+ > La3+ > Cd2+ >
Sm3+ > Hg2+ > Tb3+ > Cu2+ > In3+ > Mn2+ >
SnH > Mg2+> Ho3+ > Pb2+ > Ca2+.
Separations - Separations were tried on the basis
of difference in Kd values. For separation studies
2.0 g of niobium selenite in H+ form was taken in a
glass column 30 cm in height and of inner diameter
0.69 em. The rate of flow was 0.5 ml/min and 10 ml
fractions of effluent were collected for· the metal ion
determination. The results are' summarized in
Table 1.
Composition - A 200mg portion of the well
powdered niobium selenite was dissolved in 10 ml
sulphuric acid, niobium was determined gravimetri-
cally by precipitation with cupferron-? and selenium
was estimated gravimetrically by hydrogen. sulphide>.
The mole ratio of Nb : Se was found to be 2 : 1.
Niobium selenite behaves as a weak cation ex-
changer with ion-exchange capacity for K+ ions as
1meq/g of the exchanger. The ion-exchange capacity
varies with the nature of the metal ion.
Heat treatment of the material shows no appreci-
able loss of ion-exchange capacity up to 200°C and
hence it can be used at high temperature which is an
advantage over the organic resins.
The results of the pH-titration of niobium selenite
with NaOH-NaCI, LiOH-LiCI and KOH-KCl
(Fig. 1) indicate that the reagent behaves as a mono-
functional weak acid -in H+ form ..
The order of the Ka values with different metal
ions indicates differential selectivity. On the basis of
large difference in Ka values separations quantitatively
achieved are: La-Th, Th-Cu, Pb-Cd, Zn-Pb, La-Ce
(Table 1).
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The interaction of La(m), Ce(llI), Pr(llI). Nd(lll), Sm(llI),
Gd(llI). Tb(m), Dy(Ill), Ho(llI) and Y(III) with 4-nitrocatOo
chol has been investigated potentiometrically in aqueous
medium at 25° and at ionic strengths of 0.05, 0.1, 0.15 and 0.2M
(KNOs)' The proton-ligand formation constants and metal-ligand
formation constants have been calculated using the Calvin-
Bjernun titration technique as modified by Irving and Rossotti,
The thermodynamic formation constants have also been determi-
ned. The order of stabilities of the lanthanide complexes with
the above ligand is found to be : La(I11) <Ce(llI).....,Pr(IIJ)<Nd
om < Sm(m) < Gd(Ill) <Y(III)<TbUIJ)<Dy(ID)<Ho(m).
COMPLEXATION reactions of 4-nitrocatechol
have been reported'<s with a few metal ions.
However, no work is reported with Ln(HI) ions.
We report here the results of our study on Ln(III)-4-
~itro~atechol systems employing Calvin-Bjerrumv!
titration technique as modified by Irving and
Rossetti". .
The Ln(III) nitrates (Indian Rare Earths Ltd)
were dissolved in;Co.-free doubly distilled water and
standardized by the oxalate -method". All the other
chemicals used were of AR.grade. pH was measured
with a Phillips pH meter (PR 9405 M) with glass
(PV 9012) calomel assembly.
The experimental method employed consists of
pH titrations of We following mixtures thermostated
at 25° against O.4N NaOH : (i) 4 X 10-3M HN03
(ii) 4 X IO-3MH;1'f03 + 3>< 1O-3M ligand' and' (iii)
4 X 10-3M HNOa + 3 X 10-3Mlig and +5 X IO-4M
metal ion solution. The concentrations of the-common
ingredients were-same in different cases. An appro-
priate quantity of potassium nitrate (2.0M) was added
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Fig. 1 - Plot of thermodynamic formation constants versus r-1 of lanthanide (Ill) ions
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to maintain the desired ionic strength and the total
volume of the mixtures was adjusted to 50 ml using
doubly distilled water.
The values of ~, nand pL were calculated using
standard equations". ns: values were plotted against
pH to get the proton-ligand formation curves. Appro-
ximate values of formation constants obtained from
half-integral values were further refined by (1) curve
fitting method" (2) pointwise calculation method and
(3) correction term method", The final values are
given in Table 1.
The formation curves (n versus pL plot) extended
between Ii = 0.1 and Ii = 2.2. Values of log K) and
log K'lo were read directly from the curves correspond-
ing to n = 0.5 and 1.5 respectively and these values
were further refined by the above mentioned methods.
Since the upper part of the formation curve was not
complete, the values of log Ka were calculated
Formation
constants
log K,
log K.
log ~I
log Kl
log Kz
log ~.
log Kl
log Ka
log ~.
log K,
log K.
log ~.
H+
TABLE 1 - FORMAnON CoN8I"ANTSOF Ln(lII)-4-NITROCATECHOLCoMPLEXESAT 25°C
11.01
6.97
17.98
10.88
0.88
17.76
10.83
6.87
17.70
10.78
6.85
17.63
!4 0.05M
La(III) Ce(IlJ) Pr(In) Nd(ll~) Sm(In) Gd(IlI) Tb(lII) Dy(Ill) aenm Y(III)
8.17
5.50
13.67
8.87
6.91
15.78
9.38
7.04
16.42
9.74
7.53
17.27
9.86
7.55
17.41
9.53
7.20
16.73
9.46
7.18
16.64
9.32
7.06
16.38
10.02
8.10
18.13
9.92
7.74
17.66
9.69
7.37
17.06
9.58
7.30
16.88
9.50
7.25
16.75
10.10
8.26
18.36
9.66
6.95
16.61
9.36
6.80
16.16
9.18
6.71
15.89
8.90
6.41
15.31
9.90
7.15
17.05
9.25
7.08
16.33
8.51
6.48
14.99
8.62
6.22
14.84
!4 0.1M
7.81
5.33
13.14
8.46
5.89
14.35
8.71
6.43
15.14
9.S1
7.15
16.66
9.02
6.63
15.65
9.15
6.52
15.67
8.24
6.11
14.35
!4 0.1SM
7.55
5.28
12.83
8.36
5.72
14.08
9.03
6.23
15.26
9.42
7.08
16.50
8.59
6.29
14.88
8.85
6.39
15.24
8.13
5.95
14.08
!4 = 0.2M
7.50
5.28
12.78
8.66
6.18
14.84
9.11
6.86
15.97
8.00
5.94
13.94
8.13
5.70
13.83
8.41
6.15
14.56
8.76
6.21
14.97
8.47
5.80
14.27
8.71
6.75
15.46
!4
8.76
6.70
15.46
O.OM
9.05
7.45
16.50
9.40
7.78
17.18
9.55
7.70
17.25
9.91
8.11
18.01
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(",=0.1 M only) using the relationships, log (K2K3=
2pL, and found to be 1.35 (La'"'); 2.43 (Ce3+); 1.69
(Pr3+), 3.18 (Nd3+); 3.42 (Sm3+); 3.36 (Gd3+); 3.42
(Tb3+); 3.60 (Dy3+); 3.97 (Hos+) and 3.42 (Y3+).
The final values of log Xl and log Kz are given in
Table 1. The standard deviation observed for log
K, and log K2 are of the order of ± 0.07.
The thermodynamic formation constants were
obtained by extrapolation of determined formation
constants to zero' ionic strength and the values are
given in Table I. The observed order of overall
stabilities is : La(III) < Ce(IlI),..... Pr(IlI) < Nd
(III) < Sm(III) < Gd(III) < Y(IJI) :::: Tb(IIl) <
Dy(III) < Ho(IlI). The plot of overalI thermodyna-
mic formation constants against inverse ionic radii
(Fig. I) of the lanthanides showed a reasonably in-
creasing trend in stability with an irregularity near
Gd(UI) ion. The' anomalous increase in the stability
at Ce(lII) is probably due to its tendency towards
quadrivalency. Similar observation was also made in
Ce(IlI)-catechol system 10. .
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